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Tlie Bending of Electric Waves round a Conductiiitg Obstacle: 
Amended Eesult" By H. M. Magdonald, M.A., F.K.S, 
Eeceived May 12^-r~Eead June 11, 1903. 

I have recently (May 3) received an intimation from the Secretaries 
of the Boyal Sooiety that Lord Eayleigh has questioned the validity 
of my analysis^ of the problem of bending of electric waves round a 
conducting obstacle, the ground of the criticism being that the short- 
ness of the wave-length involves that the important harmonics in the 
expansion are of high order comparable with the ratio ' of the circum- 
ference of the sphere to the wave-length, and that for them the 
approximations in the paper are not valid» Subse(|ilently I have 
learned that M. Poincare has made a similar objection. 

I have at once to admit the validity of the objection thus raised. As 
it appears that it is still to some degree uncertain what phenomena 
would be indicated by theory, I venture to submit the following correc- 
tion and development of my analysis, which gives a solution of the 
problem agreeing with Lord Eayleigh's anticipation (p. 40, supra)* 

Starting from the expression for d\pldjj'r^m given on p. 254, 
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* *Eoy. Soc. Proe./ toL 71^ p. 251. 
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whence 

that is 

or 
Hence 
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Now for values of # (= cos-^/x) which are not near to or ?r, P„, 

may be replaced by \/-^ cosi (w + l)^™^} for large values of n; 

further, for values of n small compared with ^, neglecting small quan- 
tities, x^^ is zero and Un{^) is unity. Hence 



00 



S - - — ^ 2 ^K''^ + 1) (2?^ + 1 ) {t% (Kr^) ^-^ (Mn (kti) } { 1 - R,, (0) cos Xr#^«} 

xCji'* \^0; cos Xw ^ 7r?isin^ t * J 

where % is large, but not comparable with z. Since $ is not small, 
K?i may be replaced by 0, and then 
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that is 

^-ijin r r ,i\/i 73-1. _fj ., / .IX/l.TT 



COS X 



n 



COS <! s^,,, + Xti + C^H- I) 6^ - J >4-C0S<^ <^n + Xn-(^ + J) ^ + 1 



Writing 
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the above becomes 

S == Si -f- So + S3 4- S4 ~- S5 — S(5 — S7 ™ Sgj 
where 
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If any value of n-^ of /i be chosen, and n is written Uj +• v, the 
quantities x^i, ^% can be expressed in the form Ao-f Ai - + A2\+ . . . 
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for values of v for which the series converge; similarly ioic fi{n)^ fiiv). 
The group of terms in any of the series Si etc., for which this holds for 
iii^ will contribute nothing to the result unless the coefficient of v in 
the exponent vanishes ; also when the coefficient of v in the exponent 
vanishes and the coefficient of v^ does not, the sum of the corresponding 
group of term^ 
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the upper or lower sign being taken according as B2 is positive or 
negitive.* 

* Lorenz, * (Envres Scientifiques,* yoI. 1, p, 425, 
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Now it may be shown that 



and hence that 
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subject to the same limitations. Further, when z - (n-^^) is of a lower 
order than zi, 
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where R», R^^, . , . denote the values of 'En{^)i 'B,'n{z), . . . when 
z ^ n + 1. When n-^-^ > z^ writing 
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where T,?, T,/, . . . denote the values of T,,,(.e'), Tn{z)^ . . ., when* 

From the expression for E«(0) it follows that 
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^ '' ^"^^ , z 1 n(?i ™ 7) jj{s ~- i) n( - 1) 02^+1 ' 

hence tan Xn is positive and increases with n, thus X:n lies between 
and |r and dxn/Sn is positive; therefore Si and S5 both vanish^ 
When z-{n + -|) is of higher order than z'^ 
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hence 
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tar, x« = i ^^.i^^p , 

therefore as n increases, subject to the limitation that ^^'-(^-l-l-) is of 
higher order than z^, Bjn{^) tends to become of the order (n+^Y^^ 
Br,/(z) of the order unity, and dxn/d7i of the order (fi4-|)"i When 
,:■ - (n + 1) is of lower order than z^j it follows from the relation 
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that E,^(^) is of the order (n + ^K E'n(,-') of the order unity, and dxn/dn 
of the order (n -h |)"~i These latter conditions also hold when ?^ 4- 1 - z 
is of lower order than zK When n + i - z is of higher order than z^, 
Rii(z) is given by 
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* These results are given by Lorenz, VCEuTres Scientifiqiies,' vol. 1, pp. 435 

-479. 
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therefore 2 — ^~^~ is nesfative and at most of the order (/M--J)"'^s 

T;/(,v) iDeiiig at most of the order unity; further, when v ~- iH~ t, 
^n ^= - \ log 3, and as n increases Ty^ diminishes rapidly, hence 

cosli 2t/i cos- Xii and sinh 2r;^ sin''^ x^- ^^^ ^^^^ ^^^^^^ unity and diminish 
rapidly as n increases ; also writing n + J- = z cosh 8, 

Tn = ™ 2 log 2 "" z 5 cosli 5 + > sill (>, 

hence, unless 8 is small, r.^ is a large negative quantity, and therefore 
cosh 2t,^ COS"' Xm) sinh2T/iCOS'-X/«> hy the above, very small, whence it 
follows that cxnl^n is always very small. The series S^ and S^ there- 
fore both vanish. 

It is known that neither Ua(/) or v,^(z) can vanish for a value of v/, 

which satisfies the condition tliat /i + | > *''', and the last time v.^iz) 

vanishes as n increases the value of (j^,/, is ^ >i- ; as /t increases fartlier 
(/),t diminishes to zero. When z ■-' (^ii + ^) is of lugher order than z^ 
writini>- // 4- J, -= z sin a, Avhere i^r > a > 0, 



^ 



(/),,, -^ .:: COS a - ^-^/^TT + {n 4- i,) a, 



a 



- ^-TT, 



9v6 " ' S-*''^ ^ COS a ' 



lience ' ~^^'- i^ negative, and as ii increases - ^^"- chminishos and tend 






to the order {n f i)"~'^ When z - (^it + ^) i^ of lower order than i;^, 
-iP^- IB 1(1 ven bv 

on J-Vy/. i.\.;^~ 

Nvhence, remembering that R'.j,. is negative and 11/^ is of the order 
{ih + 1)3, -^^-^^ is negative and of the order {it -v J) '^- When 11 4- i > .:, 

using the relation tan (/>.;,, 



'■ 3 



' d/^ on 



and therefor 



e 



where 

VOL. LXXii. 



J9n _ 


=:; — 


Jj 


O^j^'" 




an 


1 


4- e^' 




z cosh 8 


;^r; 


n f 


1 

2' 



G6 Mr. H. M. Macdonald. The Bending of [May 12, 

lieiicc,^-^*' is iiegative, and ~ ??^ diminishes as the absohite vaUie of r,, 

m on 

increases, therefore - '—is, u^hen n + I > z, at most of an oi^der 

m 

(//, + |)^'i. Since ---''' is ahv'ays negative the series Sj vanishes, and 

m 



since -?--: is ahvays negativCj and A!i is always very small, the series 

Ss vanishes. 

It remains to evalnate the series 83 and vS;. Writing // ^= Vi + '', 
the exponent in the series Sa becomes 

^^ ^ ('2(/>,^ + 2 ^^ V -r ^^i I- + . . , + O^j + i ) + vO "" ) , 
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* 'This equafcioii cainnot be satisfied, by the preccdiiigj for a Taluo ri-i of z/, wliicli 
ib TJol 6ucli that ;?;— (wH- .1) is posifcire and ot higher order fcluui .:••■. 
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Similaiiy the value of n, for which a group of terras of B7 has a value 
iffereut from zero, is given by 
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and remembering that -^ is always very small, the corresponding 
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value of n is ui as in the previous ease. How, when ni -h J ^ .:■ sin a^ 
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which for values of B not near to j^ero, becomes on putting 9 
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^ ' Hoy. Son, Vmc.; vol. 71, p. ^54. 



2 mil 10 



68 Gold Leaf wnd Absorption Spectrum of Gold, [May 22 



'-\ 



C^' 



Therefore, wIiqm is not small, j™- ^ vanishes to the iirBt order at 

leabt, so that there is no first order etFeot at a point on the surface of 
the sphere which is at a finite angular distance from the oscillator. 



" On the Structure of Gold Leaf and the iibsorption Spectrum of 
Gold." By J. W. Mallet, F.RS., Professor of Cliemistry in 
the University of Virginia. Received May 22,™Eead June 1 1 , 
1903. 

(A])stract.) 

Attention is drawn to nmiierous irregularly distributed black lines 
which are to be seen in gold leaf examined with the microscope by 
tiansmitted light. . These lines are shown to depend on the presence 
of minute wires or threads of the metal, unconnected with its crystal- 
line structure, but produced in the process of gold beating by the 
stretching, along lines of weakness, of the animal membrane between 
slieets of which the gold is placed, thus developing minute trougli-like 
^v rinldes into which the soft metal is forced. 

The results are given of an examination of the absorption spectrum 
-in the visible, ultra- violet and infra-red regions— of metallic gold in 
a. hnely divided condition, as found in gold-coloiu'cd glass, and as 
reduced from dilute aqueous solutions of its salts. 
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